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In Ref. [1] Esposito et al. made an intriguing claim
that sound waves carry a nonzero negative gravitational
mass – the effect which suggests consequences for neu-
tron stars, seismic phenomena and even proposed to be
detected in the laboratory. The present comment aims
to avoid the arising confusion in the scientific commu-
nity and beyond on how one should interpret Esposito’s
result. Here, we also provide an additional insight by in-
troducing topological aspects of Esposito’s nonlinear ex-
citations which enables us to make important conclusions
on conditions necessary for the mass-carrying excitations
to be observed.
We will first discuss how the result of Esposito et al.
should not be interpreted. The gravitational mass can
not be assigned to acoustic waves in the literal sense,
that is, as if they were sources of gravitational field. To
illustrate this argument, consider a spherically symmetric
solid ball (Fig. 1a). Our following arguments develop in
analogy to the Tolman paradox in general relativity [2, 3].
In the center of the ball there is an explosive core. At
some moment (Fig. 1b) the core explodes and produces a
spherical pressure waves propagating towards the surface
(Fig. 1c). The question arises, whether an external ob-
server can detect the gravitational waves or any change of
the gravitational field caused by the generated pressure
waves. If we were to take the claim of Ref. [1] literally,
we should assign the negative gravitational mass to the
pressure waves which will lead to a decrease of the grav-
itational pull at the location of the external observer.
This naive suggestion, however, comes in violation to
the Birkhoff theorem [4] which states that irrespective of
which spherically symmetric changes in a closed spheri-
cally symmetric system occur, the metric outside the sys-
tem will remain the static Schwarzschild metric. Hence,
acoustic waves can not be assigned masses in the usual
sense, to avoid the conflict with general relativity.
Then, what does the result of Esposito et al. really
mean? The mass given by the Esposito formula (1)
should be interpreted as topological charge of a nonlin-
ear sound excitation propagating in solid. To clarify this
statement, it is instructive to return to the formula (18)
of Ref. [1] preceding the derivation of the final formula
(24) for the negative mass. Based on the Eq. (18), we
introduce the topological charge Q by
Q =
∫
q d3r, with q = w0b0〈~∇ · ~pi〉. (1)
FIG. 1. (a) Spherically symmetric solid ball with explosives
at the core. (b) At some moment the core explodes and in-
duces (c) At a later time, spherical pressure wave propagates
towards the surface and causes the ball to oscillate.
The topological charge (1) defined as an integral of topo-
logical charge density q involving first derivatives of the
field is ubiquitous in physical systems. Examples include
sine-Gordon solitons [5], magnetic skyrmions [6], exciton-
polariton condensates [7], topological insulators [8] where
the topological charges can take both integer and contin-
uous range of values.
The significance of the topological charge (1) is best
illustrated on a quasi-1D example when the relevant dy-
namics occurs along a rod of given cross-sectional area
A. In this case, the expression (1) is easily integrated
and yields
Q = Aw0b0 [pi(∞)− pi(−∞)] ,
which is nothing but the relative dislocation of the ma-
terial from either side of the wavepacket. Hence, Espos-
ito et al. describe propagation of nonlinear excitations
carrying a matter dislocation. In this respect, Esposito
excitations are matter analogues of grey solitons arising
in nonlinear optical media [9, 10]: these are characterized
by a continuous topological charge and carry a localized
density deficiency.
Introducing the topological charge (1) allows us to
make an important conclusion: because Q is conserved
and is negative, Esposito’s grey solitons can not be ex-
cited in the bulk – neither alone no in pairs, but can only
enter via the boundaries [11]. The practical use of the
Esposito formula (24) is to suggest how one can excite
such nonlinear excitations: to create an excitation of en-
ergy E one needs to displace the material to induce an
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2increase in volume by exactly Q/ρm, where ρm is mass
density of the medium.
The fact that the Esposito effect occurs in the non-
linear regime is not a coincidence. The displacement of
mass is natural to nonlinear phenomena. Nonlinear ex-
citations such as dark, grey and bright solitons are often
associated with the transfer of matter of both positive
and negative amounts: some of the known examples of
the latter include Langmuir solitons in plasma [12] and
dark solitons on the surface of water [13]. Esposito re-
sult adds one more example to the variety of intriguing
nontrivial phenomena arising in nonlinear media.
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